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ON AND PROPERTIES OF THE ESTELS COF
OEPHOROUS ACTD

A. Te. Arbuzov and M. M. Azanovskaya, Chemical-Scientific-Ressarch
Institute imani A. M. Butlercv, Kazan State University imeni Ul'yanov-
Lenin ‘

I. INTRODUCTION

Study of the sctivity of phosphorus trichloride on giycols begsu with the
vorks of P. Carre. (1)

In e * yenrs A. Ye. Arvasov, V. N. Zoroostrownys, N. I. Dispoloshenakiy,
P. A. Rossiyskaya, and i, I. Kebecknik {2 - 4) have shown thet FCl, reacts with
glycols to form the acild chlorides of olphosphorois zcids, end thet K. A.
MenzhmtXin's acid chlorides react with glycols to form compound cyvlic esters
of glycolphosphoric acids.

Cyclic esters of phosphorows acids have a :.eries of interesting properties
vhichmtotcmﬂue.bhhmodmnhntonthastuctmdm glycol.
Previous expariments were conducted with double-primpry or primary-sscopdiry
glycols.

. This article describes the derivation of several esters froam tertiary

glycols. Investigations were conducted on the activity of PClg and tho Nen-

shuixic acid chlorides op doubis-iertiary alpha-glycol-tetrameviryletnyieseglycol.
As & result of the action of PCly on tetramethylethylensglycol the

cyclic acid chloride or tetramethylethyleneglycolphosphoric ccid was derived
(the reaction oceurring ir the presence of pyridine):
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BoC(CH3)p 0 - c(chs),
Ptly -+ ' + 2csssrx « C1P I + 205HcH *© 3C1
EOC(QHE)Q . \ 0 - C(_Cﬁg)g

Twe methods \rare used in the syntbuis of the cyclic estars of um—

e Py o e 1
BT i Y R m;mmq\.auwuaywsum a5 a.u

1. Acticn of the Msnshutkin scid chlorides on tetrametibylensgliye .1 in
the presence of pyridins): o o

2C{CH, ) e - c - {c8y)s
ROPCl, 4 | 0.2 -4 25HH = ROP & B3’
Boc(cH3), No - C“ - {c’,)p

2. The interaction of the acid chloride of tetrame thiylethyiensglycol-
phosphorous scid and alcobol {in the preseacecf pyridine):

(cn3)2c - (cE3)oC - O
7 /PCl"r ROH + CoHsX = [ POR4-CgHN - BQ
{CHy)aC - O (cg)zC -

"he methyl, ethyl, n-propyl, and n-butyl esters of tetramethyletuylene-
slycolphonphorm acid were synthesized. These acid chlorides and esters are
very resctive compounds. The interaction of the esters of tetramsihyletbylens-
glycolphosphorous acid with halides and wvater was studied. In all cases the
resction proceeded without cleavage of the ring. Splitting of a halogen bond
occurred according tc the schomes below, when the esters were reacted with
balides.

-+ 2(25&5! » HCL

( )c—o\ {em ), - 08, 0R {CH.)AC - 0\ S0
ik POR+R'Eg— 32  P-HL 3 §

P—Hg—> + R
(cn3)2c -07 (cn3)2c - 07 N\R' (CE3)eC - ¢/ R
When the esters were acted on by vater, there vas a formation of alcohol:
(cn3}2ci -0 (c¥3) ¢ ~ o\P’o

POR -+ HOH-—>

“ROR
(c8y)aC - 07 (cEy)oC - 0/ NE !

corresponding phosphonic acids could be isolatsd as the final products.

(GB3)g6 - O, 48
(cH )0 - o~ "\c(cGIls)3

i‘i} Beneylphosphonic acid

(CE3),C - 07 " CH,CE
572 65

-2 -

CONFIDENRTIAL

(Ghf, AL

L T e S e
Sanitized Copy Approved for Release 2011/10/12 : CIA-RDP80-00809A000600280009-1

As & resilt of the reactions of the esters vith the halides tripheryl- I
bromemethane, bensyl chlori”s, and banzoyl chloride, the crystalline tetra-
methylethyleneglycol esters of triphenylm:taylphoschonic acid or the other
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Berzoylphosphonic acid

(cH3),C - 0 o

p?
(CB,)oC - 07 “cocel:

The products of the reactions of the esters with sthyl broaide and ethyl

iodide -- scetyl tetvachlorids and acatyl chloride (liquide with high bolling
pointe) -- are not obtained in thair mure form heranes they dscomzcss wmem

oocanee ST RS s

distillation in & vacwum (1-2 millipeters of mercury).

During the intersctivity of the acid ehioride and the esters of Letrk-
methylethyleneglycoiphosphorous acid with vater, tetrameihylethylensglynul -
phosphorous acid is prepared.

IY. EHESULTS OF EXPERIMENTS

A. Action of Phospiorus Prichlorids om TammihxlaMg];

i
{023)aC - O : S I
. | PCL  {The scid chloride of tetramethylethyleneglycolphosphor-
(cHz)pC - 0 cus acid) S
The expsriment wes carried out in & rouni-bottamed flask equipped with a '
]

reflux condenser and a stirrer vhich contained 11.8 grams of pinacol, 15.8 grems
of pyridine, and 80 milliliters of dry ester. 13.8 grams of PCl. were slowly
added from dropping funnel. The flask was cooled with ice vater? Pyridine
hydrochloride began to precipitate imscdiately. After the ingredients hod been
added, the flask was heate? for 30 wmirutes in & hot-water bath. Afier cooling,
the residue wvas separatsd, vashed vith dry ather, end after the ether was renoved,
the residuwe was distilled in vecuum.

Pirst Distillation:

First fraction, 50-88 degrees at 17 mm of mercury - 1.5 g
Second fraction, 38491 degrees at 17 mm of mercury - 9 g

The residus in the flask {abowt one balf of the origina) volwme of the
ligquid) decomposes under formetion of red phosphorus. After cooling in the
distiilation flask, the pinacolphospboric acid crystals precipitsted.

The fraction with boiling point 88-91 degrees at 17 millimetors of mercury,
in the sscond distilimtion, gave: B

First frection, £0-81.5 degrees at 13 mm of mercury - 3 g . &7 ¢ of the
Second fraction, 81.5-82 degrwes at 13 mm of mercury - 5.6 g) thepreticul

The fraction with boiling point 81.5-8Z degrees at 13 millimsters of
mercury is the pure acid chloride of tetramethylethylerneglycolphosphorous
acid. This scid chloride, a colorless, sasily flowing liguid vhich fumes pover-
fully in the air, gives a strong exothermic reaction with water, and chamges
into erystalline tetramsthylethyleneglycolphosphorous acid.

& 5o 2
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Properties:
a5° 1.1562; 653 1.1586; n5° 1.4720 i
Fomnd: - MRy, b4 .08 Ty
Calculated: MRy, kh.05

0.14h8 g sobstance: 45.01 ml NeoH (T = 0.0193%) (Beyesn's snelysis
used for phosphorus determination)

0.1241 g substanca: 39.1% ml FeON-

1 ml ¥aoOE (7 = 0.01953%) combines witk 0.5353 mg phosphorus
Found %: P 16.63; 16.88

Calculated %: P 16.98 Cgh, ,00PCL

0.0992 g substance: 0.0770 g AgCl (chlorine deiarmined by -peenipi-

tation from scid chloride aguecus solution with

& 5-pevcen’t sclullcn of LgF0; with suambitative

(gravimetric) dztermimation of AgCl)
0.095% g substsmse: 0.0735 g AgCl
Found %: Cl 19.19; 19.06
Calculated $: Cl 19.4% CgH; ,05PCL
The fraction 80-81.5° at 13 mr 1s a less pure form of the acld chloride.
B. Action of Msnshutkin's Acid Chlorides on Tetrsmethylethylaneglycol

1. Methyl Ester of Tetramethylethylenaglycolphosphorous Acid

(3D - O
(a5)C - 07

In tais preparation; 16.5 grams of mothoxydichlorophosphine were added
to 1h.6 pinacol and 19.5 grams pyridine dissclved in 100 miliiliters ol dry ether.
The mixture ¥as stirred and cooled.. ATter the reaction, the pyridine hydrochloride
wes filterad off, ths ether Ariven off, and the residuc distilled in vacuum.

CH3

First Distillation:

Pirst fraction 87-9% demees at 56 mm of mercury
Second fraction 94-100 degrees &t 56 me of mercury - 1k.5 g

A residue of 3 grems of pinacoiphosphorcus acid golidified in the form
of white crystals on cooling.

The second fraction, in s repeated distillation, gave:

rirat fraction T8-91 degrees at b8 mm of mercury
Second fraction 91-92.5 degrees at k8 mm of mercury -- 17.3 g, (51.h4%
of the theoretical)

; Tha fraction with boiling point 91-92.5 degrees at 48 millimeters of--
k mercury, methyl ester of tetramethylethylemeglycolphosphorous acid, 1s & colorless,
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posed 1o air it quickly changes into crystelline pimcolphosphorm seid. Its
reactiocn with water is stromzly exothermic.

Properties
a8 1.0522; 430 1.04k9; 483 1.0469; nZ0 1.4417
fotmd: . MRy, kh .96 l
Calculated: MRp Lkb.b5

0.0778 g subatance: 24,52 ml HaoH (T = 0.01998)
1 ml gaOE (T = 0.01998) combines with.0.5530 mg phosphorws

Found %: 0 17.b2
Caleulated: P 17.51 ChHy504P
2. PBthyl Bster of Tatrasethylethyleneglycolphosphorcus Acid
(cig)C - 0
{cB)& - 07

This ester was obtained by the action of ethyl alcohol on ihe acid
chloride of tetrsmethylethyleneglycolphosphorous acid.

In this preparation, 2.9 grams of ethyl slcohol were added %o 11.5
of acid chloride snd 4.9 grama of pyridine in & solution of dry ether.
i vhile coouiing the flask with ice vater). The flask vas heated for 20 minwtas
in & hot-water bath, and atter ccoling, the pyridine hydrochloride was filter-
ed cut. The ather was driveén off, and the residue fractionatsd. Double dis-
tillation yislded the following fractions:

First fraction T2-Th.5 degrees at 1k xm of mertury
Becond fraction T4.5-75 degrees st 1k mm of mercury -

1.6 g, 092 143y

T
Third fraction 75-76 degrees at 1i mm of wmercury - of the
‘ - : 20 theore-
W kg, oy 1.h3%2 . tical

There vas a residue of 1.5 grams of pimacolphosphorous scid.

The fraction with toilfng point 75-76 degrees at 1h millimotars of
mercury, ethyl ester of tetramsthylethylenegiycolphosphorous scid, bad propert.cs
similar to thoae of the previocusly described methyl ester, and its odor was
similar to that of triethylpbosphite.

Proyorties
a8 1.0322; a0 1.0156; 488 1.0156; n0 1.k392
Pound: MRy k9.74
) Calculated: MR} 50.06

0.1334 g substance: ;9.7& ml NaOH (T = 0.01998)
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" Properties (Contd)
Found %: ' P 16.47
 Calculated %: P 16.14 CBBI-'TOSP
The Jraction with boiling point 74.5-75 degrees st 14 millimeters of
mercury i1s the less pure form of the sthyl ester of pimacolphosphorsus seid.
3. n-Propyl BEster of Tetramethylethylepeglycclphosphorous Acid
((m3)2‘f - 0\\
(Cﬁ3)20 -0
Prepered similarly tc methyl ester uring i1L.6 grams of pimecol, 19.8

grams of pyrifine, end 20 grans of n-propoxydichlorophosphine dissolved im dry
ether. Freciiomel distllilation of the profuct of ths reaction geve:

POC3H7 -n

Pirst fraction B84-86 degrees at 12 mm of mercury

Second frection 86 degress ab 12 wm of aeicury - & § ~ CLoWY
aird fraction 86-89 degrees at 12 mm of mercwry - 17.3 g
Besidus - 2.6 g

After double distiliation of the fracitior with boiling poiut 86-89
degrees at 12 millimeters of mercury, 11.5 grams of substancs with doiling point
84.5-85 degrees at 11.5 millimetors of mercwiy were obtaized. This ias ¥s.9 per-
cent of tha theoretical yisld. n-propyl ester of tet.axethylethylemeglycclphos-
phorous ncid is & colorless liguid with & characteristic odoxr similar to aliphatic
phosphites.

Properties

0 . al0 . a0 . 20

45 1.0138; a5 0.9961; deo 019961; By 1.4%06
Found : MRy, 54.k5
Calculsted: MRy, 5k.68

0.0492 g pubstence: 13.63 ml NaCH (T - 0.01998)
0.0959 g'suhltlme: 25.56 a1 MaOK

Found %: P 15.11; 15.31

Calculated %: P 15.0k. Cyl)o05P -

h, n-Butyl Ester of Tetrmmethylethyleneglycolphosphorous Acid

Tais coxpound is prepared in tie same imy as the preceding compound,
esing 27.7 grems of pinacol, bl grams of n-butoxydichlorophosphine, and 37.2
grams of pyridine dissclved im 4ry ¢ther. Products of the reactiom are distilled
in.a vecuwm,

First distilliation:
First fraction 55-103 decrees at 14.5 mm of mercury
Second fraction 103-110 degrees at 14.5 mm of mereury - #2 g

S - o = b Y IR "
Taind fisction 110-119 degrees at 15.5 mm OF wmoTcwiy - 1 §

The reeidue in the flask is pimacolphosphorous acid.
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In further seperation, 3%.32 grams of & fraction with & boilimg point
of 105-105.5 degress »* .5 millimsters of mercury vers obtained frow the
fraction with a boiling wo. /. of 103-110 degrees at 1%.5 milimeterc of RerCUTy
after & secornd distillatili:.: This yleld ia 66.5 percent of the theorstical.

Properties
63 1.0076; €8° 0.5901; 432 0.9780; ng> 1.4413
Founds Ry 59.39
Calculeted: MRy, 59.29

0.0498 g substoace: 13.48 ml BeOE (T - 0.0193h)
0.1020 g substence: 27.00 ml FaoH

1 ul KeOE (T = 0.01934) vnites with 0.5353 ng phosphorus

To k.b grams of n-butyl ester was added 0.36 grams of water, 3lightly acidified
vith HCl. The temperature of the mixture went up to 80 degroes centigrade. Upon
cooling, white crystals precipitated. The crystals were filtered off, and the
filtzats, vhick had the odor of butyl alcohol, was distillsd at 110-115 degrecs.

The crysinls, sfter double recrystallization from petroleum ether, acquired
a constant melting point of 106.5-108 degrees. Tetrameihylethyleneglycolphosphorous
acid (vhite tetrahedral prisms) is very hygroscopic, quickly deliguesces in the
air, and is very soiuble in dioxane, less soluble im boiling petroleum ether, and
is not soluble in ethsr or benzene. ’

The molecular waight (determined by the cryoscopic method in dioxane) wes
161.7. The molecular weight of CgH130:P 18 15h.

Wﬂiel

0.0626 g wubstauce: 22.19 nl NaCE (T = 0.0193%)
0.1470 g substance: 49.h6 m) MeOK (T - 0.01998)
Found %: P 18.97; 18.60

Calculated %: P 18.90. CoBy505P

D. Intersction of Esiers of !btxmg!hthzhmmu%gm‘;_m Acid With
Edlides. Tnteraction of the n-Butyl Ester With Triphenylbromcme

To ose gram of the n-butyl ester vas added a benzene solution of 1.45 grame
of triphenylbromowethane. The mixture was bested to bciling for 5 minutes, and
then the benrene was driven off in a hot-water bath. The .esidus crystallized,
and the crystels wvere pressed out ir a Nutsch filter. The Jiltrate (eA7eral drops)
gimse a reaction for halogen (according to Beilstein's test). Ir view of the
s=al) quantity, it wes impossidls 4o 4lstill. The cryetals alfter doutls recry-

stallization from benzene and then from ligroin had the melting point 231-231.5

-7 -
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degrees. This svbstance is readily soluble in boiling benzens, lezs solubls
in Beiliag ligroin, and is not soluble in ethexr. The r1eaction for hajogsn
{eccording to the Beilstein teai_;) is negative.

Fropertiss

£.10k9 g substance: 13,77 ml %08 (7 - 0.01998)

Pound $: : P T.25

Caleulated %: P 7.63. CpgHys03P

By saponificatiorn with HCl, triphenylmethylphoephonic acid 1s prepered.

E. Interactlop of ths Methyl Ester Witk Triphenylbromomsthane

Under the conditions of the preceding experiment, 0.5 gram of the matdbyl
ezter e scted on by 0.9 gram triphenylbromowethane. The formetion of methyl
bromide was observed during the reaction; this compound burne with & green-
boxdered flame, ‘The product of the resctiocn, recrystallized from benzene,
fram ligroin, aud again frcm benzene, bnd a meiting point of 229.5-231.5 degrees.
A mived malting tegt with the subetance premared from the n-butyl sster 312

not show any depression.

F. Intersction of the n-Butyl Beter With Bsnxyl Chloride

In this prepavation, 5.2 grams of butyl ester and 3 grams of benzyl chloride
wers heated in a sealed tube for 4 hours at 160 degrees. Then the product of the
reaction was poured into a small Arbuzov flask. At a temperature of 120 degrees
(on a kot bath), several drops of gubstance with boiling point of T4-75 degrees
(butyl chloride -- Bellstein's test) were driven off. To avoid deccmposition
of the substance, the butyl chloride was drawn off in a vactum; 1.9 grams of
butyl chloride, or 90 percent of the theoretical yield, were obtained. The resi-
due in the flask crystellized. O(n recrystallizetion from dry ether, the crystals
bad a boiling poirt of 115-116.3 degress. The subatance forus vhite neells-
shaped crystals, readily soluble in benzene, petrolevm «ther, but less so in

boiling ether.
Properties
0.0702 g substance: 17.77 ml RagH {T = 0.01998)
0.0696 g substance: 15.64 ml KaOH
Tound $: P 12.41; 12.%
Calculated %: P 12.20. 0131!19031’

G. Interaction of the Esters With Benzoyl Chloride

1. In this preparstion, 1.5 grams of benzoyl chloride were added to 2.3
grams of the a-propyl ester. An excthormic reactiocn was observed when these
compounds were mixed.

The mixture was heate® for 4 honrs in a ssall flask equipped with a
reflux condenssr (the temperature of ihe bot water bath wvas 90-11C degrees).
Then, propy! chloride was distilled off from the rescted mixture (boiling point
kT-k8 degrees). In sevaral hours the residue crymtallized. After two recrystal-
lizations from ligroin the substance had & meliing point of 90-91 degrees and
Lormed vhite rrisme and hwiroscopic crvstale (-rﬂn‘lﬂ- in 'h-n-v;g, hoiling et‘_-_-z-,

and 1igroin). T T e e e

i
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| 0.1224 g substence: 2652 al Re0H (T £ 0.03958) R AT R 1
Fovnd $: : P 11.98 . ‘ ‘ o L “
Calculated $: P 11.56. Cy3H704P el

2. 1.6 grams of benzoyl chloride were added to 2 grams of the methyl I |
ester. An excthermic reaction vas observed during the mixing of these compounds, :
snf methyl chloride wes formed., Following the exotharmie rescticn, the mixture
ves ixated for 30 mimutes (ths tempercture of the hot water bath was 60-80 degrees);
upen cooling, crysisls formed. 7The welight of the crystale vas 2.9 grams, He-
crystallization from ligroin resulted in a substancs malilsg at 89-90 degrees.

3. In similar fashion (to the two experimente described previcusly) cme
gram of the ethyl ester reacted with 0.7 gram benzoyl chlerids. Formetion of
ethyl cbloride was observed. The product of the reacticn vae the same as that

derived with the n-propyl and ths methyl esters. The tsizemeibylcothylenz- : |
glycol ester of bemzoylphosphonic acid with 1, h-dinitrophemylhydrazine forms . :
a hydrazope with a boiling point of 19%.5-195.5 degress - yellow needles {frem :
eyl alcohol). TR . " =

|

H. ZIntersetion of the n-Buiyl Bster With Ethyl Bromide

Pifteen grame of the n-butyl ester and T.h graws of ethyl bromide were
hested in a sealed tube at 160 degrees for & howmrs. The liquid separated into
two layers, and from distillation of the upper layer were obtained 8.5 grams
of & fraction with e boiling point of $7-110 degrees, or 9L.k percent of
the theoreticsl yisld of butyl bromide. The lower layer, composed of a liguid
vhose consistency resembled glycerine, decomposed during distillation in
vecwum.

I. Interaction of n-Butyl Ester With Ethyl Todide

In this syntbosis, 4.3 grams of the n-butyl ester and 3 grams of ethyl
iodide were heated in a saaled tube at 150-160 degraez for 3 hours. The liquid
seperated irto twe layers, the upper obe ylelding 2.5 grams of fraction with
& boiling point of 122-127 degrees, or Tl percent of the theoretical yield
of butyl iodidc. The lower layer decoxposed during distillation in a vacwwm
of o millimeter of mercwry.

1I1. CORCLUSIONS

1. The action of phosphorus triciloride and Menshutkin’s acid chlorldes
on teiramsthylethylaneglycol vac studied. The cyclic acid chleride of tetra-
nethyhth;lemgl;pcolpbosphorou acid was prepared.

The cyclic methyl, ethyl, n-propyl, and n-butyl esters of tetramethyl-
athyleneglycolphosphorons acid were prepared.
2. The acid chloride and esters of tetramethylethyleneglycolpnosphorous

acid resctsd with water to form cyclic tetramethylethylsneglycolphosphorous
acid. The reactions proceedsd without cleavage of the ring.

-9 -
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3. The esters of wiramathylethyleneglycolphosphorous acid reacted
with halidcs without cleawess of 3 ving. Ae 2 Tegnli of the ceactiom
the cyclic esters of phosphoric acid wexve converted imto cospounis with
peatavalent phesphorus -- tetramethylethyleneglycol esters of the comw-
sponding phosphonic actds.
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